Background: Noninvasive intraductal papillary mucinous neoplasms (IPMNs) have a favorable prognosis; however, the prognosis of invasive intraductal papillary mucinous carcinoma (invasive IPMC) is poor. Identification of predictive factors for differentiating IPMC from benign IPMNs would assist in providing appropriate treatment.
I
NTRADUCTAL PAPILLARY MUCInous neoplasm (IPMN) of the pancreas was first described by Ohashi et al in 1982 . 1 Since the World Health Organization clarified the nomenclature and pathological characteristics of this tumor, 2 it has been recognized increasingly often and has been reported to account for 17% to 25% of surgically resected pancreatic neoplasms. [3] [4] [5] The IPMNs show a wide spectrum of histologic characteristics, ranging from hyperplasiatoinvasiveintraductalpapillarymucinous carcinoma (invasive IPMC), with different degrees of aggressiveness. [6] [7] [8] In comparison with common ductal pancreatic adenocarcinoma, IPMNs grow slowly and have a low malignancy rate. Therefore, benign IPMNs may be carefully followed up without surgicaltreatment.However,IPMNssometimes showinvasiveproliferation,andpatientswith invasive IPMCs, like those with common ductal pancreatic adenocarcinoma, frequently have a poor outcome, 6 ,9,10 thus indicating that the treatment recommendations for an invasive IPMC may be the same as those for a common ductal adenocarcinoma. Therefore, an accurate assessment of malignancy is required for the appropriate management of IPMNs, although a clear distinction remains difficult between benign and malignant IPMNs, even with modern imaging. [11] [12] [13] We retrospectively analyzed the clinical data, imaging findings, cytologic findings, and a tumor marker in the pancreatic juice and, moreover, defined the clinical and pathological factors associated with the outcome by a survival analysis. The aim of the present study was to determine the predictive factors of malignancy in IPMNs to provide a strategy for their treatment.
METHODS
Between July 1, 1999, and January 31, 2006, 54 patients with IPMN were surgically treated at Wakayama Medical University Hospital. There were 31 men and 23 women, with a mean age of 69 years (range, 44-81 years). All 54 patients were examined for tumor location, tu-mor size, maximum diameter of the main pancreatic duct (MPD), and presence of a mural nodule by preoperative ultrasonography, contrast-enhanced computed tomography, endoscopic ultrasonography, and endoscopic retrograde pancreatography.
The pancreatic juice was collected by endoscopic retrograde pancreatography with brushing in the pancreatic duct, following an intravenous injection of 50 U of secretin (Eisai Co Ltd, Tokyo, Japan). The collection of pancreatic juice was performed by one expert in endoscopic retrograde pancreatography (M.K.) in all patients. The pancreatic juice was divided into 2 portions, one for cytologic examination and another for measurement of carcinoembryonic antigen (CEA) levels by means of a CEA immunometric chemiluminescent assay kit (Bayer Medical Co, Tokyo, Japan). The cutoff level of CEA in the pancreatic juice required to detect a malignant IPMN was 110 ng/mL (to convert to micrograms per liter, multiply by 1.0), determined by constructing receiver operating characteristic curves as described previously. 13 Of the 54 IPMNs, histologic examination showed 25 to be malignant, consisting of 14 cases of carcinoma in situ (5 MPD type, 4 combined type, and 5 branch type) and 11 invasive adenocarcinomas (5 MPD type and 6 combined type). The 29 be- 14 We retrospectively analyzed the clinical findings, preoperative imaging diagnostic data, and laboratory data to predict the malignant potential of IPMNs and the invasive property of IPMC.
Postoperative laboratory examinations and abdominal imaging (ultrasonography or computed tomography) were performed every 3 months after surgery. Recurrence was defined as the presence of recurrent IPMNs in the pancreatic remnant or as local, diffuse, or distant metastatic disease determined by imaging examinations in the follow-up period after resection.
The 15 potential risk factors listed in Table 1 were assessed by a univariate analysis with the 2 test or Fisher exact test. The significant predictors of malignant IPMN in the univariate analysis were then included in a forward stepwise multiple logistic regression model. The cumulative overall survival rates were calculated by the Kaplan-Meier method, and statistical analysis was performed by log-rank test. Statistical significance was defined as PϽ.05.
RESULTS

PREDICTIVE FACTORS OF MALIGNANT IPMN
The 4 factors found to be predictive of malignancy in the univariate analysis were age of 70 years or older (PϽ.001), presence of mural nodules (P=.001), mural nodule size of 5 mm or larger (PϽ.001), and a CEA level in pancreatic juice of 110 ng/mL or higher (PϽ.001) ( Table 1) . These predictive factors of malignant IPMNs identified in the univariate analysis were analyzed in a multivariate analysis. Only 1 factor, CEA level in the pancreatic juice, was found to be independently associated as a predictive factor for malignancy (odds ratio, 29.8; 95% confidence interval, 2.8-313.9). The P values for the 4 factors in the multivariate analysis were .39, .94, .70, and .005, respectively.
PREDICTIVE FACTORS OF INVASIVE IPMC
A univariate analysis demonstrated 6 factors to be significantly predictive of invasive IPMC: jaundice (P = .007), body weight loss (P = .007), main duct or combined type (P = .01), mural nodules (P = .005), mural nodule size of 5 mm or larger (P = .005), and a CEA level in the pancreatic juice of 110 ng/mL or higher (P=.02) ( Table 1) .
OPERATIVE PROCEDURES
Pancreaticoduodenectomy was the most common operation and was performed in 34 patients (63%); in 29 of these patients, pylorus-preserving methods were used. 15 A distal pancreatectomy was performed in 7 patients (13%), central pancreatectomy in 8 (15%), and total pancreatectomy in 5 (9%). A portal vein resection was performed in 2 patients (4%) and a gastrectomy in 4 (7%) because of invasion to the stomach and accompanying gastric cancer.
PROGNOSTIC OUTCOME
The median follow-up for all 54 patients who underwent resection was 47 months (range, 3-101 months). Table 2 demonstrates the clinical and pathological factors associated with the prognostic outcome in the 54 patients with complete resections. Of the clinical factors analyzed, the presence of positive symptoms was the factor significantly associated with a poor survival (P=.04). Of the pathological factors analyzed, the presence of a cancer component, found in 25 cases (46%), was a predictor of the prognostic outcome (P=.004), and the presence of an invasive component, found in 11 cases (20%), was a strong predictor of shorter survival (PϽ.001) (Figure) . Except for 2 patients who died of other diseases (pneumonia and hypoglycemia), all the patients who had no invasive component were alive without evidence of disease at last followup, whereas the median survival of the 11 patients with an invasive component was 15 months (Table 3) .
Except for 2 patients with minimally invasive IPMCs, the 11 patients with invasive IPMCs included 4 with stage IIA and 5 with stage IV, according to the TNM classification. Lymph node metastasis outside the regional area was recognized in 5 patients (45%) with invasive IPMC, and vascular invasion in 2 (18%). The median survival of the 5 patients with involved lymph nodes was 13 months. The 2 patients with vascular invasion both died of their disease within 1 year (Table 3) .
RECURRENCE PATTERN
Of the 54 patients with IPMN, there were 8 disease recurrences (15%), all of which were in patients with an invasive IPMC. Six of 8 patients with a recurrence had diseaserelated death. Three of the recurrences occurred in the first year after surgery, and all except 1 occurred within 2 years. There were 2 patients with a distant recurrence alone (25%) ( Table 3 ). In 1 patient (13%), a diffuse intra-abdominal recurrence occurred in conjunction with a distant metastasis. There were 4 cases (50%) of locoregional nodal recurrence. There was 1 pancreatic stump recurrence (13%). That patient had minimal invasion with a negative margin and had a recurrence in the pancreatic stump. The patient's tumor was re-resected 35 months after the first surgery, and he was alive without evidence of disease 71 months after the first resection (Table 3) .
COMMENT
The surgical outcome of IPMNs has been widely accepted to be better than that of ductal adenocarcinoma of the pancreas. 10, [16] [17] [18] The possible reasons for a favorable prognosis of IPMNs might be their indolent biological behavior, including growing slowly and metastasizing late, and early diagnosis and detection using advanced imaging techniques. However, IPMNs sometimes show invasive proliferation and progress rapidly with a poor prognosis.
6,9,10 Therefore, it is essential to select the appropriate treatment strategy for IPMNs by accurately differentiating malignant from benign IPMNs.
In this study, we predicted 4 factors for the preoperative diagnosis of malignant IPMNs, which were age of 70 years or older, the presence of mural nodules, mural nodule size of 5 mm or larger, and a CEA level in the pancreatic juice of 110 ng/mL or higher. These results were similar to those of various previous reports, [11] [12] [13] 18 except for the CEA level in the pancreatic juice. Moreover, a CEA level in the pancreatic juice of 110 ng/mL or higher was the only useful predictive factor by a multivariate analysis, and the accuracy for differentiating malignant from benign IPMNs was 84%.
The presence of symptoms, a cancer component, and an invasive component were found to be the significant factors influencing the survival of patients with IPMNs in our study. Among them, the presence of an invasive component was the most serious prognostic factor (PϽ.001), indicating that, once an invasive IPMC develops, the treatment required may be the same as that for a common ductal adenocarcinoma of the pancreas, such as an extended operation including a lymph node dissection and adjuvant chemotherapy, although further studies of patients with invasive IPMC are still necessary.
Some researchers have reported that resection should be performed whenever IPMNs are diagnosed, even if they are considered to be benign by the imaging findings, 10 whereas others reported that no enlargement of the IPMNs occurred during several years of follow-up 19, 20 and longterm survival could be expected in some patients without a resection. 21 Our results suggest that benign IPMNs should be strictly followed up without resection because IPMNs generally progress slowly, occur in elderly patients, and sometimes occur multifocally, thus leading to an extensive resection and higher postoperative morbidity. However, malignant IPMNs should be resected because, once they show invasive proliferation, they become aggressive and carry a poor prognosis. Our criteria for surgical resection of IPMN are as follows: (1) presence of symptoms, (2) main duct type or combined type, (3) presence of mural nodules of 5 mm or larger, (4) cytologic findings of class IV or V in the pancreatic juice, and (5) CEA concentration in the pancreatic juice of 110 ng/mL or higher. We have been strictly following up 57 patients with IPMNs diagnosed as benign who did not initially undergo surgery. So far, 3 patients later underwent resection because they met the criteria for surgery during the follow-up period; none of the 3 patients had invasive IPMC, 2 had carcinoma in situ, and 1 had adenoma.
Our results strongly suggest that measurement of the CEA level in the pancreatic juice is a useful diagnostic method to distinguish malignant from benign IPMNs. 
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